Abstract

Background
Relationships between species, genes and genomes have been printed as trees for over a century. Whilst this may have been the best format for exchanging and sharing phylogenetic hypotheses during the 20 th century, the worldwide web now provides faster and automated ways of transferring and sharing phylogenetic knowledge. However, novel software is needed to defrost these published phylogenies for the 21 st century.
Results
TreeRipper is a command line c++ program for the fully-automated recognition of multifurcating phylogenetic trees. The program accepts a range of input image formats (PNG, JPG/JPEG, GIF, TIFF or PDF ). Then follows a number of cleaning steps to detect lines, remove node labels, patch-up broken lines and corners and detect line edges. The edge contour is then determined to detect the branch length, tip label positions and the topology of the tree.
Optical Character Recognition (OCR) is used to convert the tip labels into text with the freely available tesseract-ocr software. 32% of images meeting the prerequisites for TreeRipper were successfully recognised, the largest tree had 115 leaves.
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Conclusions
Despite the diversity of ways phylogenies have been illustrated making the design of a fully automated tree recognition software difficult, TreeRipper is a step towards automating the digitization of past phylogenies. We also provide a dataset of 100 tree images and associated tree files for training and/or benchmarking future software.
Background
In 1859, Darwin produced one of the first illustrations of a phylogenetic tree, notably this was the only figure included in The Origin of Species . Since, biologists have used trees to depict the relationships between organisms, genes and genomes. The number of studies depicting phylogenies exploded (see Figure 1 ) with the development of the polymerase chain reaction technique and journals were created specifically for publishing the molecular phylogenies generated by researchers (e.g., Molecular Phylogenetics and Evolution established in 1992).
Whilst in the early years of molecular phylogenetics, embedding illustrations into manuscripts might have been the most appropriate way to disseminate knowledge, this has resulted in the locking up of phylogenetic hypotheses into the pages of journals and books without an easy way to access this information.
Currently, the construction of the relationships between the 1.8 million currently estimated species largely depends on the unprecedented growth of molecular sequence data and this -3 - The idea of using a program to convert a tree image into a computer-readable representation of that tree was first implemented in TreeThief which required the user to trace a tree by clicking on each of its nodes in turn. The latter program is only available for the discontinued operating system Mac OS 9. Laubach and von Haeseler provided a conceptual advance with a semiautomatic program called TreeSnatcher that has recently been updated .
-4 - Here, we will review the way researchers present their phylogenies, demonstrate the feasibility of a fully automated tree recognition software and provide a dataset of tree images and associated tree files for training and/or benchmarking future programs.
Implementation
The current version of TreeRipper opens tree-image files in the formats PNG, JPG/JPEG, GIF, TIFF or PDF.
• The tree needs to have the root on the left and leaves on the right.
• Horizontal branches.
• The tree constitutes a dark foreground on a light homogenous background (no background boxes or shading).
• The tree must be bi-or multifurcating (not a network)
• The inner nodes are branching points between lines and have no circles, rectangles, etc.
inscribed.
• Tip branches must have branch lengths greater than 0.
TreeRipper is written in c++ using a set of Standard Template Library algorithms provided by 
Results and Discussion
We downloaded 322 images which had phylogen* or supertree in their caption from 249 ways trees are currently represented in one journal alone. Of the 114 phylogenies that meet the prerequisites, the topologies of 37 trees (i.e., 32%) were successfully recognized by TreeRipper without any prior processing. The largest phylogeny successfully recognised had 115 leaves.
We do not review the accuracy of the OCR here as it has been done elsewhere (see ).
The successfully recognised tree images along with a further 63 images manually converted to tree files are provided as supplementary material in NEXUS, Newick and phyloXML formats (Additional file 1) for training and/or benchmarking future programs.
Conclusions
Although the program has a high failure rate, it is the first step towards an automated approach for optical tree recognition and proves the feasibility of an approach which might permit us to defrost published phylogenetic hypotheses. We are unlikely to ever be able to create an application that recognises all possible trees due to the sheer diversity of ways phylogenies have been illustrated but at the very least, this program could be used for automating tree recognition of large sets of tree images before using manual conversion or semi-automated programs like TreeSnatcher.
As phylogenetics enters a third phase of growth with the advent of next-generation sequencing, one hopes that the work of future phylogenetists will be published in a format that will enable the digital curation and preservation of their hard work.
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